Dry eye disease (DED) is a commonly encountered condition in clinical practice and affects up to 2 12.3% of the population in Singapore [1] with a world prevalence range of 5% to 38% [2]. The 3 condition has remarkably impact on daily social and physical functioning, work place productivity 4 and quality-of-life [3][4][5][6]. Diagnosing the disease can be a tedious and challenging task [7] and been 5 hampered by the lack of objective tests with sufficient sensitivity and specificity, adequate 6 repeatability, ease of performance, and suitability for the clinical practice setting particularly in early 7 or mild cases [8]. Due to its multifactorial nature, DED potentially requires a broad spectrum of test 8 measures in the monitoring of its diagnosis and treatment [9]. While there are many clinical tests 9 for DED, the diagnostic values can be inconclusive [10-11] and may not be repeatable and/or 10 reliable because of variable results, poor reproducibility and low sensitivity [12][13][14][15]. Determining the 11 cause of dry eye when minimal clinical signs are present is difficult and the diagnosis is 12 complicated further when there is a lack of correlation between its signs and symptoms [11,[16][17][18][19][20][21][22].
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Once the marking of ROI was completed, OST acquisition and processing was performed 88 automatically by double clicking the last point marked (point 5) to activate the OST Analysis V2 89 program and process all the 300 frames. All frame marking and data processing were undertaken 90 by a single examiner (LL). Ten OST indices of the ocular surface were generated as shown in 91 Table 1 . In this study, GCC denotes the temperature of the geometric center of the cornea, 92 obtained midway between LT and LN. The OST indices were selected to document the whole 93 inferior zone of the exposed ocular surface within ROI and to include as far as possible, all the 94 reported temperature metrics [23, [26] [27] [28] [29] [30] [31] [32] [33] . All the ten OST indices extracted by the 'diamond' 95 method has shown to be highly repeatable in assessing healthy and dry eyes [35] 
Data Analysis 101
Data on all 62 dry eye subjects and 63 controls were tabulated and analysed. The ten OST indices 102 were studied in two aspects: static and dynamic measures. To prevent difficulties arising when 103 non-independent data were collected from both eyes, only data obtained from right eye were used 104 in the analysis [42] . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 4 ten OST indices, in total 30 dynamic temperature metrics were generated. For example, asymptote, 120 scale and growth rate for GCC temperature were labelled as GCC-A, GCC-S and GCC-GR 121 respectively. The efficacy of ocular thermography in diagnosing DED was then evaluated in two 122 phases: singly and in combination.
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Phase 1: Evaluating the efficacy of the 30 static-and 30 dynamic-metrics when applied 125 singly 126 Findings on dry eye subjects and their controls for each metric were compiled. Using GraphPrism 6 127 (www.graphpad.com; GraphPad Software Inc., USA), a range of testing threshold/criterion with 128 their sensitivity, specificity, area under the ROC curve (AUC), predictive values [43, 44] were then  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 5 optimizes the metric's differentiating ability when equal weight is given to sensitivity and specificity 159 [43, 49, [52] [53] [54] .
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DP is a measurement that summarizes sensitivity and specificity of the technique, 162 163 DP = 3/π (log X + log Y),
165
Where X = sensitivity / (100-sensitivity) and Y = specificity / (100-specificity). Values of DP < 1 166 indicate poor discrimination performance, DP < 2 indicates limited performance, DP < 3 considered 167 to be a fair discrimination, while values above 3 are classified as good.
169
Calculating the Youden's index and DP could give clearer evidence of a test performance [49] 
173
Phase 2: Evaluating the best combined temperature metrics in screening DED
174
The diagnostic power of the metrics can be possibly maximized by combining them. In this part of 175 the study, we sought to evaluate if AUC can be further maximised by a factor analysis model using 
177
The analysis was developed for each dataset in order to reduce the dimensionality of the variables 178 down to one or two factors combining these variables. This will help to determine the best detectors 179 for dry eye. Again, data was first tabulated on the 30 static-and dynamic-metrics. A range of 180 testing threshold/criterion was encapsulated in 0.1 intervals. Using Excel spreadsheet, sensitivity, 181 specificity and AUC were derived for all the metrics. After which, a tool in the Excel spreadsheet 182 'solver' was used to test on all possible combinations within the 30 static-and dynamic-metrics that 183 could possibly maximising the AUC and determine the best detectors.
185

Results 186
Phase 1: Evaluating the efficacy of the 30 static-and 30 dynamic-metrics when applied 187 singly 188 Figure 2 shows the ROC curves for the 30 static metrics, grouped in three different time points (0 s, 189 5 s and 10 s). Figure 3 shows the ROC curves for the 30 dynamic metrics, grouped into its three 190 attributes. Table 2 shows a summary of AUC, sensitivity, specificity, Youden's index, DP and the selected 202 cutoff values for the 30 static metrics. The best results were, again, obtained for T4-5 and T4-10 203 metrics with DP of 1.07 and 1.05 respectively indicating limited performance. DP for the rest of the 204 static metrics were less than 1 indicating poor discrimination performance including T4-0 [50].
205
Youden's index for T4-5 and T4-10 was also found to be highest of all (37.9 and 39.5 respectively).
206
T4-0 had lower DP of 0.79 and Youden's index of 34.4.
208
'Insert Table 2 here'
210
When the cutoff values for T4-5 was set at 34.7 °C (i.e., values < 34.8 °C; Table 2 ), sensitivity and 211 specificity was 87.1% (76.2 to 94.3%) and 50.8% (37.9 to 63.6%) respectively and when the cutoff 212 values for T4-10 was set at 34.5 °C (i.e., values < 34.6 °C; Table 3 shows a summary of AUC, sensitivity, specificity, Youden's index, DP and the selected 218 cutoff values for the 30 dynamic metrics. All dynamic metrics were shown to be of low accuracy,
219
with AUC below 70% [48] . The DP for all dynamic metrics ranged from 0.20 to 0.69 indicating poor 220 discrimination performance as they were less than 1 [50]. Youden's index was also found to be low 221 for all dynamic metrics ranging 8.6 to 27.9.
223
Phase 2: Evaluating the best combined temperature metrics in screening DED 224 AUC for static metrics at 0 s can be increased to 71% by a combined metrics in the expression of 
230
AUC for static metrics at 10 s can be increased to 73% by a combined metrics in the expression of 231 0.03T1 + 0.98T4 + 0.06CT + 0.02LT + 0.02LN + 0.05CN.
233
It was shown that T4 was the main contributor to AUC for static metrics at all three time points. 
246
AUC for dynamic metrics for growth rate can be increased to 51% by 1.00T4. It was again shown 247 that, T4 was the main contributor to AUC for dynamic metrics at all three attributes. Similarly, by 248 just looking at the AUC at respective metric (without combining them), the AUC for T4 were shown 249 to be very similar: 59% for asymptote, 61% for scale and 50% for growth rate (Table 3) . It was 250 again concluded that combining metrics was not able to meaningfully improve the AUC for dynamic 
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Discussion 261
This is the first study to demonstrate that measuring temperature at the extreme nasal conjunctiva 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   8   279 It has been reported that temperature at the conjunctiva was higher than that of the central corneal 280 [37, 59] . Although the reasons remains unclear, the temperature of the nasal conjunctiva was 281 reported to be higher than that of the temporal conjunctiva because of the influence of greater 282 blood flow and vascularization in the nasal conjunctiva [26] . More large vessels (eg. the dorsal 283 nasal artery and the angular artery) are situated at the nasal side of the eye. In addition, the medial 284 rectus muscle has two anterior ciliary arteries, whereas the lateral rectus muscle has only one 285 artery. All these anatomical factors has caused a more vascularised nasal conjunctiva with higher 286 blood flow [26] and hence causing a higher evaporation rate / less stable tear film at T4. Further 287 studies would be required to confirm these postulation. Nevertheless, the temperature changes at 288 nasal conjunctiva may also be contributed by other factors such as allergy rather than dry eye and 289 warranted further investigations.
291
Our study was in agreement with past studies [26, 27] i.e., measuring OST can be a good 292 diagnostic tool for dry eye. Sensitivity and specificity of Tomey IR thermographer tested at GCC 293 was reported to be 83% and 80% respectively using a cutoff value of 0.13 °C but reduced to 80% 294 and 73% respectively using a cutoff value of 0.11 °C [26] . The values derived in Kamao et al's [26] 295 study was not defined clearly but believed was a decrease in dynamic temperature over 10 296 seconds (for cutoff value of 0.13 °C) and 5 seconds (for cutoff value of 0.11 °C) respectively. Using 297 a custom-designed IR thermal image system, sensitivity and specificity of a combined temperature 298 metrics (temperature difference and compactness values) were 84% and 83% respectively with 299 unclear cutoff value [27] . Limited temperature metrics were included in the above mentioned 300 studies as compared to sixty temperature metrics in the current report. Different in findings as 301 compared to the current report could be due to different in methodology and subjects recruited.
302
Ocular thermographers with lower resolution of 400 (H) x 240 (V) pixels and 320 (H) 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   9   319 This paper presented a comprehensive study of the diagnostic ability for IR ocular thermography in 320 screening DED. All dry eye patients were mild to moderate with no inflamed meibomian glands. We 321 acknowledged that many disease severity criteria are confounded by complex disease subtypes 322 and a lack of standardisation, and the selection of single criteria for assessment of disease severity 323 is therefore fraught with difficulties [8, 60, 61] .
325
The results of this study suggest that IR ocular thermography is a suitable test to be incorporated in 326 the non-invasive diagnostic assessment of dry eye. It is repeatable, rapid, and easy to use and in 327 this study, shown to give good sensitivity of specificity in diagnosing DED. Future studies on dry 328 eye screening using ocular thermography should include temperature of the conjunctiva. T4-5 and 329 T4-10 metrics are simple, static measures and we speculate that they could be used in 330 combination with other conventional tests to further refine diagnostic discrimination for DED.
331
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OST indices Description GCC
